Study Objectives: A group of children with "restless sleep" who do not fit the criteria for any other sleep disorder but with daytime impairment are studied to identify restless sleep disorder (RSD) clinically and polysomnographically and to differentiate it from other sleep disorders of childhood.
Introduction
Sleep complaints are seen in up to 50% of children and vary in presentation and etiology [1] . Although snoring affects approximately 27% of children, obstructive sleep apnea is seen in only 4%-6% of children. Non-respiratory sleep disorders can be more common. Sleepwalking is seen in 17% of children, bruxism in 28%, night terrors in 17%, rhythmic movements in 17% of children and circadian rhythm disorder in up to 16% of adolescents [1] [2] [3] . Behavioral insomnia in toddlers has a prevalence of 10%-30% [4, 5] and 5% in school-aged children [6, 7] . The diagnosis of pediatric sleep disorders is not always straightforward. Symptoms can overlap, and other conditions can present with sleep disruption and daytime symptoms. In clinical practice, a group of children that present without sleep onset delay and without frequent nocturnal awakenings but who present with the complaint of "restless sleep," not fitting criteria of any other current diagnostic category [5] can be easily identified. The parents refer to the sleep of these children as "not normal" and "different from their other children." Furthermore, the parents have concerns of daytime impairment that they believe is associated with the sleep pattern, including excessive sleepiness, school cognitive problems or behavioral problems (irritability or hyperactivity). The parents of these children with "restless sleep disorder" (RSD) report that during sleep, children seem either "restless" or present with "excessive nocturnal motor activity" consisting of "large movements" (frequent repositioning, moving both arms and legs, trashing the bed sheets and even falling out of bed). Parents perceive sleep disruption even if children do not get up from bed, and are often concerned that their child's sleep appears interrupted. Sleep patterns are reported to be consistent through the night and occur almost every night. Children have one or more daytime symptoms, most commonly daytime sleepiness. This study reports, in detail, the clinical and polysomnographic (PSG) features of children with RSD, compared to those of age-and sex-matched normal controls and of children with restless leg syndrome (RLS), with the aim to demonstrate that they represent a somewhat homogeneous and different clinical condition.
Methods

Participants
A cohort of 15 children with RSD seen by a board-certified sleep physician (L.M.D.R.) at the UCSF Benioff Children's Hospital Sleep Center from July 2016 until October 2017 were included. Inclusion criteria were:
(1) Sleep pattern characterized by parental concern of "restless sleep" or "excessive motor activity" involving large muscle groups with frequent repositioning, moving bed sheets or falling out of bed; (2) exclusively sleep-related movements, occurring at any time after sleep onset and recurring at intervals through the night; (3) movements occurring almost every night for at least 3 months; (4) sleep latency and sleep time within expected for age; (5) nocturnal behaviors resulting in a significant complaint by patient or parent causing interference (or parental perception) with nocturnal sleep and/or impairment in daytime function (sleepiness or school performance) and/or irritability of hyperactivity; (6) condition not better explained by behavioral or medical disorders or medication effect.
Fifteen age-and sex-matched children diagnosed with RLS by the same physician (L.M.D.R.) were also recruited on a continuous basis. The diagnosis was in agreement with the criteria by the International RLS Study Group [8] .
Ferritin and iron studies were obtained in both groups. All children underwent polysomnography. The results of the PSG were compared with a database of sex-and age-matched normal controls. All PSGs were scored and analyzed by the same physician (R.F.). Normal controls were normal volunteers, who screened negative for sleep disorders, medical conditions, or medication use and were used for PSG data comparison only; they did not undergo any further intervention. All controls were retrospectively recruited because they participated in a study previously published [9] and approved by the Oasi Research Institute ethics committee. Controls were added continuously as they fit the age range of the patient groups. Their parents/ tutors had provided informed consent before entering the study. Exclusion criteria were: children younger than 6 years of age, use of medication that altered sleep or sleep parameters (i.e. antihistaminics, antidepressants, antiepileptics, etc.), presence of comorbid sleep disorder (i.e. obstructive sleep apnea, central sleep apnea, parasomnias, behavioral insomnia), medical or psychiatric conditions known to affect sleep (uncontrolled eczema, asthma, pain, autism spectrum, genetic syndrome, neuromuscular disorders) or use of caffeine.
Polysomnographic sleep recording
All children underwent a polysomnographic full-night recording. The Sandman Elite Natus system was used. Parameters recorded included EEG (two frontal channels, two central, and two occipital, referred to the contralateral earlobe); electrooculogram, electromyogram (EMG) of the submentalis muscle, EMG of the right and left tibialis anterior muscles, respiratory signals, effort signals for thorax and abdomen, oxymetry, capnography, a single lead electrocardiogram, video and audio recording. The sleep technician performed calibrations of all leads. Epoch were scored by a certified sleep technologist and board-certified sleep physician according to standard criteria [10] . Also, leg movements during sleep were detected following standard criteria [11, 12] , with the subsequent calculation of a series of parameters including: 1) Total LMS (leg movements of sleep) index, n/hour; 2) PLMS (periodic leg movements of sleep) index, n/hour, LMS included in regular and non-interrupted sequences of at least 4 with onset-to-onset inter-movement interval (IMI) 10-90 seconds; 3) PLMS index in rapid eye movement (REM) sleep, n/hour; 4) PLMS index in non-rapid eye movement (NREM) sleep, n/ hour. 5) Short-interval LMS (SILMS) index, n/hour, LMS with preceding IMI < 10 seconds; 6) Isolated LMS (ISOLMS) index, n/hour, LMS with IMI >90 seconds and LMS with IMI 10-90 seconds not meeting all the criteria for PLMS; 7) Bilateral PLMS index, n/hour, PLMS formed by two to four monolateral LMS from the two legs overlapping each other within 0.5-second windows with a combined total duration <15 seconds; 8) Periodicity Index, PLMS/TLMS (total leg movements of sleep) ratio; 9) PLMS duration, seconds; 10) SILMS duration, seconds; 11) ISOLMS duration, seconds;
Data analysis/statistics
Descriptive statistics were used. The comparison between the frequency of diurnal and nocturnal symptoms in the two groups of patients was carried out by means of the Chi-square test. Sleep parameters and leg movement indices in the groups were compared by means of the Student's t-test and one-way ANOVA with post hoc comparisons carried out with the Tukey HSD test.
The study was approved by the Benioff Children's Hospital Oakland Institutional Review Board.
Results
We included 67 participants: 15 with RLS (12 males; three females), with a mean age of 11.9 (SD 3.52) and 15 participants with RSD (11 males, four females) with a mean age of 9.5 (SD 3.18). The control participants were 30 males and seven females; mean age was 10.6 with a SD of 3.8. Age and sex did not differ between groups. Normal controls did not have daytime or nighttime symptoms. Daytime symptoms in both groups were reported by parent self-reported impression of the child's daytime behavior and included excessive sleepiness, cognitive problems (school performance), behavioral problems (tantrums), hyperactivity and daytime fatigue without sleepiness. The number of children who exhibited these symptoms is shown in Table 2 . Five children (33.3%) with RLS had positive family history of RLS. Children with RSD did not have family history or RLS. Nocturnal parental complaints are also presented in Table 1 . Parents of children with RSD did not report symptoms of insomnia, and there was no clinical suspicion for RLS. The majority of nocturnal complaints in this group consisted of large movements involving limbs, head, and large parts of the body, in general, and restless sleep. Children with RLS fit criteria for RLS as previously described, the parent reported nocturnal awakenings (consisting of episodes of awakening and getting up from bed) in four children with RLS and none of the children with RSD. Children with RSD had parental perception of sleep disruption due to frequent movements without getting up from bed.
Iron studies
Mean ferritin level in RSD patients was 20 with a SD 8.87 (Table 2 ). This was statistically lower than in children with RLS (mean 30.3, SD 12.03). There was no statistically significant difference between total iron, total iron binding capacity, and transferrin levels between both groups ( Table 2 ). Iron levels were not obtained in normal controls.
Sleep architecture
The sleep parameters in all groups are reported in Table 3 . When compared to controls, both RSD and RLS showed lower total sleep time, increased number of awakenings, and decreased REM sleep percentage. In addition, RLS children showed increased REM sleep latency, number of stage shifts and percentage of stage N1 than controls.
There was no difference between RSD and controls in leg movement activity, while RLS differed from both RSD and controls because they had increased total LMS index and ISOLMS index; they also had higher SILMS index and bilateral PLMS index than RSD (Table 4) . It should be noted that large movements in the RSD group tended to last longer than 15-20 seconds and for this reason, most of them were not counted following the standard rules for leg movement activity, which focus on shorter movements [8] . Figure 1 shows the comparison between the distribution of inter-movement intervals between the onset of each LMS found in the three groups of participants. Significant differences can be seen at 4 seconds and essentially in the 10-60 seconds range because of a clear increase in the amplitude of the graph of RLS patients. The night distribution, during the first 8 recording hours, of total LMS in the three groups of participants was irregular with RLS patients showing a higher number of LMS at the fifth and seventh hour of sleep (Figure 2 ).
Discussion
The current study has identified the clinical and polysomnographic characteristics of children who present for evaluation of "restless sleep" and that for the purpose of this pilot study we called RSD. We have demonstrated objectively that children with RSD with respect to controls tend to have decreased TST and increased awakenings per hour, comparable to children with RLS but without the leg motor activity and without prolonged sleep latency.
A recent study showed that, in children with suspected RLS, the most striking single symptom was awakening after 1-3 hours of sleep followed by screaming, crying, kicking, and slapping the legs or by verbally expressing that the legs "hurts" with a seemingly comforting effect of massage performed by parents [6] . Furthermore, Picchietti and Stevens (2008) reported that in childhood chronic sleep-onset and sleep-maintenance problems could represent an early manifestation of RLS that is diagnosed years later.
When we compared RSD to children with RLS, clinically, both groups presented with daytime sleepiness, but there were more children with daytime hyperactivity among the children with RLS. Furthermore, 5 out of 15 children with RLS had a positive family history of RLS in one of the parents while none of the children with RSD had a positive family history. Nocturnal symptoms also varied among groups. Parents of children with RLS did not notice frequent large body motor activity through the night and four presented with nocturnal awakenings. These clinical manifestations support that RSD is clearly a separate clinical condition with different symptomatology than RLS. These findings are supported by the polysomnographic data presented in Tables 2 and 3 and Figure 2 , which demonstrate that although both RSD and RLS had decreased sleep efficiency, children with RLS have increased leg motor activity at night, clearly differentiating both groups.
To further explore the pathophysiology of RSD, ferritin, and iron levels were drawn in all children. To our surprise, all children in both groups had ferritin values of less than 50 ng/ml with RSD children having significantly lower levels. It is known that iron plays an important role in the pathophysiology of pediatric RLS. Tilma et al. reported low ferritin levels (lower than 50 ng/ml) in 22 children with RLS with improvement of symptoms after supplementation [13] . Ferritin levels of 50 ng/ml are currently accepted as the level under which iron supplementation is recommended [14] . Our findings in children with RSD and low ferritin levels may indicate that restless sleep is another manifestation of abnormal motor activity during sleep. Low ferritin levels in patients with RSD may point toward a common underlying pathway in motor/dopamine dysregulation as iron is a cofactor for tyrosine hydroxylase, precursor of dopamine; however, iron is also a co-factor in the biosynthesis of other neurotransmitters, for example, iron is also a cofactor for tryptophan hydroxylase, involved in the biosynthesis of serotonin. Studies in mice have shown that a decreased serotonin level in the brain increases motor activity levels [15] . Serotonin has also been implicated in the mechanism of attention deficit hyperactivity disorder [16] . It is too early in our research to speculate about the neurotransmitter involved in the pathophysiology of RSD, except that iron may be a key player.
Pediatric RLS has a prevalence of 2%, does not show sex predominance and has the onset of symptoms by 5 years of age in 15% of affected children, between 5-7 years old in 63% of children and in 22% of children older than 8 years. Picchietti et al. [12] demonstrated that children with definite RLS are more likely to have symptoms of insomnia than children without RLS, in fact, their study showed that 84% of children with definite RLS would take longer than 30 minutes to fall asleep and would wake up an average of 1.9 times per night. The International Restless Leg Syndrome Study Group (IRLSSG) has published criteria for the diagnosis of RLS that include: urge to move the legs, sensation worsens in the evening or when inactive and sensation is relieved by movement or stretching, and the symptoms are usually worse in the evening or during resting periods. The symptoms must not be explained by another medical or behavioral condition [17] . The IRLSSG strongly recommends the identification of "mimics" that can be misdiagnosed as RLS. Common mimics listed by the IRLSSG include: muscle cramps, growing pains, dermatitis, and positional ischemia. The criteria for RLS in children specify that the children must describe the symptoms in their own words; only for research purposes, the term "possible RLS" can be used when the child exhibits behavioral manifestations of lower extremity discomfort when at rest that appears to be relieved by movement [17] .
Unfortunately, there are no current studies in the literature that evaluated restless sleep in children or adults. A couple of studies evaluate "restless sleep" in the setting of caffeine or drug use. For instance, Watson et al. studied the effects of caffeine in children using the "Pediatric sleep problem survey instrument" (PSPSI). This questionnaire includes a domain for "restless sleep." The study showed that caffeine consumption disturbs sleep in children; however, none of our patients consumed caffeine. Interestingly, Hasler et al. studied 700 children aged 9-13 and followed them until the age of 30 years. They found that children that self-reported restless sleep had early use of alcohol and cannabis [18] . However, in their study restless sleep was not detailed or characterized and polysomnography was not done. It is important to note that these data indicate "restless sleepers" might be at higher risk of substance abuse, suggesting the need for early diagnosis and intervention. Our proposed category of RSD aims to provide a unified way to identify these children early, and we have arranged a tentative set of criteria reported in Table 5 .
Another important consideration in the evaluation of RSD involves the consideration of differential diagnosis of restless sleepers. Disrupted sleep has been reported in children with medical conditions (asthma, food allergies, eczema) [19, 20] , neurodevelopmental disorders (autism spectrum and attention deficit hyperactivity disorder) [21] , and psychiatric conditions (anxiety, obsessive compulsive disorder) [22, 23] . Interestingly Camffermar et al. showed that parental report of sleep disruption correlated strongly with neurocognitive deficits in children with eczema while polysomnographic data did not. Children with eczema and parental report of disrupted sleep showed significantly reduced scores in full-scale IQ, verbal comprehension, perceptual reasoning, and working memory, supporting the validity of parental reports of sleep disturbances in children [20] .
Another important consideration in the differential diagnosis of restless sleepers is the diagnosis of possible insomnia. The International Classification of Sleep Disorders third edition (ICSD-3) criteria for Insomnia include the patient or caregiver report of difficulty initiating sleep, resistance to going to bed, difficulty sleeping without parental intervention, waking up earlier than desired or difficulty maintaining sleep (characterized not only by nocturnal awakenings but also by difficulty returning to sleep in the middle of the night), the criteria must also include at least 1 symptom of daytime impairment [24] . In school age children the prevalence of insomnia is similar in boys and in girls with a significant increase in prevalence in girls after puberty [25] . These findings differ from our RSD group of children who did not report difficulty falling asleep, nocturnal awakenings with difficulty returning to sleep, did not fit criteria for behavioral insomnia of childhood. RSD also seems to be more prevalent in boys. Furthermore, PSG data in children diagnosed with insomnia is not consistent. A study of 397 adolescents with insomnia, showed that insomnia symptoms were not associated with disruption of sleep continuity or sleep architecture but only differed in a slight prolonged sleep latency [26] . Another study of 700 school children with insomnia (5-12 years old) reported that the most common reported symptoms were difficulty falling asleep (44.7%), difficulty staying asleep (26%), and both symptoms (29%). The PSG markers included a small but significant prolonged sleep latency, increased N2 and decreased N3 and REM sleep [27] . PSG therefore, is not recommended for diagnosis of insomnia but only when there is suspicion of another sleep disorder in patients with chronic insomnia not responding to the recommended treatment [28] . These clinical, demographic and polysomnographic data support that our RSD group does not qualify for insomnia or RLS and is indeed a separate sleep disorder.
Limitations of the study include a relatively small number of participants, patients from a single sleep center, and no data on iron levels in controls and no formal cognitive evaluation.
In conclusion, this pilot study attempts to establish a new diagnostic category for children with RSD. Children with RSD in our study were found to be iron deficient. Future larger studies are needed to confirm these findings and evaluate the natural progression of restless sleepers and response to iron supplementation.
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Conflict of interest statement. None declared. Table 5 . Diagnostic criteria for RSD A. The child exhibits a pattern of sleep characterized by "restless sleep" or motor behaviors involving large muscle groups. These consist of frequent repositioning, moving bed sheets or falling out of bed. B. The movements are exclusively sleep related, occurring at any time after sleep onset and persist at intervals through the night. C. The movements occur almost every night D. Sleep latency and sleep time are within expected for age E. The nocturnal behaviors result in a significant complaint by patient or parent as manifest by at least one of the following i. Interference (or parental perception) with nocturnal sleep ii. Impairment in daytime function (sleepiness or school performance) iii. Irritability or hyperactivity F. The condition is not better explained by behavioral or medical disorders or medication effect.
Criteria A to F must be met.
